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(57) ABSTRACT

According to an exemplary embodiment, a semiconductor
device is provided. The semiconductor device includes: a
substrate; a first vertical structure protruding from the sub-
strate; a second vertical structure protruding from the sub-
strate; an STI between the first vertical structure and the
second vertical structure; wherein a first horizontal width
between the first vertical structure and the STI is substan-
tially the same as a second horizontal width between the
second vertical structure and the STI.

20 Claims, 24 Drawing Sheets




U.S. Patent Oct. 4, 2016 Sheet 1 of 24 US 9,460,956 B2

130 110 120

T B j[
132~y @7 | .
| | | | |
134/\|/, N | | /‘\/124
AN NN 106




U.S. Patent Oct. 4, 2016 Sheet 2 of 24 US 9,460,956 B2

202
130 110 120

— o
Lo fa
-«

o
* %‘ -. o
P et
T 3 a . .
7 . . .
. o .
- a AT
b - ‘ . ik ...A
Ao a4 T
‘A
. S
P T
3 IS .. &
. B
e e
N ..
& - e s
.o &~‘ K
LY §

/"\/1 OO

Fig.2



U.S. Patent Oct. 4, 2016 Sheet 3 of 24 US 9,460,956 B2

132 112 200
130 110 | 202 120

NN

/‘\/1 OO

Fig.3



U.S. Patent Oct. 4, 2016 Sheet 4 of 24 US 9,460,956 B2

412 422
110 S 120

402

Fig.4



U.S. Patent Oct. 4, 2016 Sheet 5 of 24 US 9,460,956 B2

N
NN
NN

Vol >

Fig.5




U.S. Patent Oct. 4, 2016 Sheet 6 of 24 US 9,460,956 B2

110 120

412 422

Fig.6



U.S. Patent Oct. 4, 2016 Sheet 7 of 24 US 9,460,956 B2

/710 /720
[ ] I_&_I
| | | |
712«4\_2 \ | 27/722
714~ N | I Q\I’m“
= AW




U.S. Patent Oct. 4, 2016 Sheet 8 of 24 US 9,460,956 B2

302

710 g 720

]

. .oa, R

K 7/. Ne R S LR

A t. L4 A .-
3

4 .

Fig.8



U.S. Patent Oct. 4, 2016 Sheet 9 of 24 US 9,460,956 B2

710 720

902

Fig.9



U.S. Patent Oct. 4, 2016 Sheet 10 of 24 US 9,460,956 B2

1012 1022

710 S 720




U.S. Patent Oct. 4, 2016 Sheet 11 of 24 US 9,460,956 B2

NN
NN

S

Fig.11



U.S. Patent Oct. 4, 2016 Sheet 12 of 24 US 9,460,956 B2

710 Q 720

NN
\

Fig.12



U.S. Patent Oct. 4, 2016 Sheet 13 of 24 US 9,460,956 B2

/710 720

~

_/—\5
\/\
N

Fig.13



U.S. Patent Oct. 4, 2016 Sheet 14 of 24 US 9,460,956 B2

/710 14092 720

1412 1422

Fig.14



U.S. Patent Oct. 4, 2016 Sheet 15 of 24 US 9,460,956 B2

/10 1902 720

Fig.15



U.S. Patent Oct. 4, 2016 Sheet 16 of 24 US 9,460,956 B2




U.S. Patent Oct. 4, 2016 Sheet 17 of 24 US 9,460,956 B2

1202

Fig.17



U.S. Patent Oct. 4, 2016 Sheet 18 of 24 US 9,460,956 B2

1802~ RS T

F1g.13



U.S. Patent Oct. 4, 2016 Sheet 19 of 24

9 P

US 9,460,956 B2

e

1902

F1g.19



U.S. Patent Oct. 4, 2016 Sheet 20 of 24 US 9,460,956 B2

710 720

s [ a0

Fig.20



U.S. Patent Oct. 4, 2016 Sheet 21 of 24 US 9,460,956 B2

1202
2115 710 o
\ i 2“2§ 2122
216 \__ /Ty 2125
N B e < e T
NPy vvv’E%%" A\ &: §

/ T
[ \
)

/ \
1902
2111 1802 2114 14022126

Fig.21



U.S. Patent Oct. 4, 2016 Sheet 22 of 24 US 9,460,956 B2

Fig.22b



U.S. Patent Oct. 4, 2016 Sheet 23 of 24 US 9,460,956 B2

PROVIDE THE SUBSTRATE L —23502

PROVIDE THE FIRST VERTICAL STRUCTURE AND THE L — 2304
SECOND VERTICAL STRUCTURE OVER THE SUBSTRATE

CONFORMALLY FORM A DIELECTRIC LAYER OVER THE
SUBSTRATE, THE FIRST VERTICAL STRUCTURE, AND THE F—2306
SECOND VERTICAL STRUCTURE

ETCH THE DIELECTRIC LAYER TO EXPOSE A PORTION OF
THE SUBSTRATE CORRESPONDING TO THE SHALLOW ——2308
TRENCH ISOLATION

ETCH THE EXPOSED PORTION OF THE SUBSTRATE T0O
FORM A RECESS CORRESPONDING TO THE SHALLOW ——2310
TRENCH ISOLATION

REMOVE THE DIELECTRIC LAYER ,\_,2:1)’] 2

FORM AN OXIDE LAYER IN THE RECESS AS THE SHALLOW /\/23‘] 4_
TRENCH ISOLATION

2500

Fig.23




U.S. Patent Oct. 4, 2016 Sheet 24 of 24 US 9,460,956 B2

PROVIDE THE SUBSTRATE ——2302

PROVIDE THE FIRST VERTICAL STRUCTURE AND THE L —— 23504
SECOND VERTICAL STRUCTURE OVER THE SUBSTRATE

CONFORMALLY FORM A DIELECTRIC LAYER OVER THE
SUBSTRATE, THE FIRST VERTICAL STRUCTURE, AND THE ——2306
SECOND VERTICAL STRUCTURE

ETCH THE DIELECTRIC LAYER TO EXPOSE A PORTION OF
THE SUBSTRATE CORRESPONDING TO THE SHALLOW ——2308
TRENCH ISOLATION

ETCH THE EXPOSED PORTION OF THE SUBSTRATE TO
FORM A RECESS CORRESPONDING TO THE SHALLOW ——2310
TRENCH ISOLATION

REMOVE THE DIELECTRIC LAYER A’231 2

FORM THE OXIDE LAYER OVER THE SUBSTRATE, THE FIRST
VERTICAL STRUCTURE, AND THE SECOND VERTICAL m2402
STRUCTURE

PERFORM CMP ON THE OXIDE LAYER AND STOPPING ON 2404
THE FIRST VERTICAL STRUCTURE AND THE SECOND —
VERTICAL STRUCTURE

ETCH THE OXIDE LAYER TO EXPOSE THE SUBSTRATE AND 2406
TO FORM THE SHALLOW TRENCH ISOLATION MADE OF THE [ ——
OXIDE LAYER

2400

Fig.24




US 9,460,956 B2

1
METHOD OF FORMING SHALLOW
TRENCH ISOLATION AND
SEMICONDUCTOR DEVICE

BACKGROUND

Vertical semiconductor devices, such as vertical gate-all-
around transistors, are very popular, but are fabricated using
complex processes that produce defects. Therefore, there is
a need to facilitate the manufacture thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It is noted that, in accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIGS. 1-6 are sectional views illustrating an exemplary
semiconductor device in accordance with some embodi-
ments.

FIGS. 7-21 are sectional views illustrating another exem-
plary semiconductor device in accordance with some
embodiments.

FIGS. 22a, 22b are sectional views illustrating another
exemplary semiconductor device in accordance with some
embodiments.

FIG. 23 is a flow chart for a method forming an STI in
accordance with some embodiments.

FIG. 24 is a flow chart for a method forming an STI in
accordance with some embodiments.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

The disclosure describes a method of forming a shallow
trench isolation (STI) between a first vertical structure and
a second vertical structure in a substrate. The method may be
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further integrated with vertical structure (e.g., nanowire)
formation and N/P well implantation process. In order to
form the shallow trench isolation, the method includes:
conformally depositing a dielectric layer over the substrate,
the first vertical structure, and the second vertical structure;
etching the dielectric layer to form a spacer for protecting
the first vertical structure and the second vertical structure
and to expose a portion of the substrate corresponding to the
shallow trench isolation; etching the exposed portion of the
substrate to form a recess corresponding to the shallow
trench isolation; removing the dielectric layer; and forming
an oxide layer in the recess as the shallow trench isolation.

The method may be called a “self-aligned STI formation”
technique which provides controllable symmetric spacing
between the vertical structures and the STI. The symmetric
spacing between each of the vertical structures and the STI
may be about 5-20 nanometers, and there is no lithography
overlay shift risk when using the disclosed method of
forming the STI. The spacing can be measured by transmis-
sion electron microscope (TEM) analysis.

Moreover, the vertical structures may refer to vertical gate
all around (VGAA) transistors made of materials: Si, SiGe,
Ge, or III-V (InP, GaAs, AlAs, InAs, InAlAs, InGaAs, InSb,
GaSb, InGaSb). After performing the method of forming the
STI, the vertical structures may be resized by using, for
example, hard mask trimming and in-situ steam generation
(ISSG).

FIG. 1 is a sectional view illustrating an exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 1, a substrate 100 is provided. A
first vertical structure 110, a second vertical structure 120,
and a third vertical structure 130 are provided over the
substrate 100. In the embodiment, each of the vertical
structures 110, 120, 130 include hard masks 112, 122, 132
and nanowires 114, 124, 134 respectively. The nanowires
114, 124, 134 may include a source, a channel, and a drain.
In some embodiments, before finishing the method of form-
ing an STI, the nanowires 114, 124, 134 do not include a
source, a channel, and a drain which may be formed there-
after. The material of the substrate 100 may include: Si,
SiGe, Ge, or I1I-V (InP, GaAs, AlAs, InAs, InAlAs, InGaAs,
InSh, GaSh, InGaSh).

FIG. 2 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 2, a dielectric layer 202 is
conformally formed over the substrate 100, the first vertical
structure 110, the second vertical structure 120, and the third
vertical structure 130 by using, for example, atomic layer
deposition (ALD). The conformal dielectric layer 202 is a
dielectric material layer that includes a dielectric material
such as silicon oxide, silicon nitride, silicon oxynitride, a
dielectric metal oxide, a dielectric metal nitride, a dielectric
oxynitride, or a combination thereof. In one embodiment,
the conformal dielectric layer 202 can have the same thick-
ness in vertical portions as in horizontal portions. The
dielectric layer 202 between the first vertical structure 110
and the third vertical structure 130 can be well controlled to
merge when we do not design a STI formation disposing
therebetween. The dielectric layer 202 defines the STI
formation, so that the substrate 100 with the dielectric layer
202 does not overlap with the STI formation.

FIG. 3 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 3, the dielectric layer 202 is etched
to expose a portion 302 of the substrate 100 corresponding
to the shallow trench isolation by using plasma etching. The
dielectric layer 202 is anisotropically etched in an anisotro-
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pic etch process. Each of the hard masks 112, 122, 132 of the
vertical structures 110, 120, 130 is exposed after the aniso-
tropic etching. Plasma etching refers to the removal of
material, typically a masked pattern of semiconductor mate-
rial, by exposing the material to a bombardment of ions
(usually a plasma of reactive gases such as fluorocarbons,
oxygen, chlorine, boron trichloride; sometimes with addi-
tion of nitrogen, argon, helium and other gases) that dislodge
portions of the material from the exposed surface.

FIG. 4 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 4, the exposed portion of the
substrate 100 is etched to form a recess 402 corresponding
to the shallow trench isolation by using plasma etching. A
first spacer 410 adjacent to the first vertical structure 110 and
a second spacer 420 adjacent to the second vertical structure
120 are formed accordingly. The first horizontal width 412
of the first spacer 410 may be about 5-20 nanometers and
substantially the same as the second horizontal width 422 of
the second spacer 420.

FIG. 5 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 5, the dielectric layer over the
substrate 100 is removed.

FIG. 6 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 6, an oxide layer is formed in the
recess 402 as the shallow trench isolation 602.

Each of the first vertical structure 110 and the second
vertical structure 120 protrudes from the substrate 100. The
STI 602 is located between the first vertical structure 110
and the second vertical structure 120. In some embodiments,
the first horizontal width 412 (equals to a distance between
the first vertical structure 110 and the STI 602) is substan-
tially the same as the second horizontal width 422 (equals to
a distance between the second vertical structure 120 and the
STI 602).

The method may be called “self-aligned STI formation”
technique which provides controllable symmetric spacing
between the vertical structures 110, 120 and the STI 602.
The symmetric spacing, that is horizontal width, may be
about 5-20 nanometers, and there is no lithography overlay
shift risk when using the method of forming the STI. The
spacing could be measured by transmission electron micro-
scope (TEM) analysis. Compared to lithography processes
generating a difference between the first horizontal width
412 and the second horizontal width 422 larger than about
5 nanometers, the disclosed method provides better control
over the horizontal widths 412, 422 with a difference less
than about 1 nanometer.

FIG. 7 is a sectional view illustrating an exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 7, a substrate 700 is provided. A
first vertical structure 710 and a second vertical structure
720 are provided over the substrate 700. In the embodiment,
each of the vertical structures 710, 720 includes hard masks
712, 722 and nanowires 714, 724 respectively. The
nanowires 714, 724 may include a source, a channel, and a
drain. In some embodiments, before finishing the method of
forming an STI, the nanowires 714, 724 do not include a
source, a channel, and a drain which may be formed there-
after. The material of the substrate 700 may include: Si,
SiGe, Ge, or I1I-V (InP, GaAs, AlAs, InAs, InAlAs, InGaAs,
InSb, GaSh, InGaSb).

FIG. 8 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 8, a dielectric layer 802 is
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conformally formed over the substrate, the first vertical
structure 710 and the second vertical structure 720 by using,
for example, atomic layer deposition (ALD). The conformal
dielectric layer 802 is a dielectric material layer that includes
a dielectric material such as silicon oxide, silicon nitride,
silicon oxynitride, a dielectric metal oxide, a dielectric metal
nitride, a dielectric oxynitride, or a combination thereof. In
one embodiment, the conformal dielectric layer 802 can
have the same thickness in vertical portions as in horizontal
portions.

FIG. 9 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 9, the dielectric layer 802 is etched
to expose a portion 902 of the substrate 700 corresponding
to the shallow trench isolation by using plasma etching. The
dielectric layer 802 is anisotropically etched in an anisotro-
pic etch process. Each of the hard masks 712, 722 of the
vertical structures 710, 720 is exposed after the anisotropic
etching. Plasma etching refers to the removal of material,
typically a masked pattern of semiconductor material, by
exposing the material to a bombardment of ions (usually a
plasma of reactive gases such as fluorocarbons, oxygen,
chlorine, boron trichloride; sometimes with addition of
nitrogen, argon, helium and other gases) that dislodge por-
tions of the material from the exposed surface.

FIG. 10 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 10, the exposed portion of the
substrate 700 is etched to form a recess 1002 corresponding
to the shallow trench isolation by using plasma etching. A
first spacer 1010 adjacent to the first vertical structure 710
and a second spacer 1020 adjacent to the second vertical
structure 720 are formed accordingly. The first horizontal
width 1012 of the first spacer 1010 may be about 5-20
nanometers and substantially the same as the second hori-
zontal width 1022 of the second spacer 1020.

FIG. 11 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 11, the dielectric layer over the
substrate 700 is removed.

FIG. 12 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 12, an oxide layer 1202 is formed
over the substrate 700, the first vertical structure 710, and the
second vertical structure 720 by using, for example, flow-
able chemical vapor deposition with a low temperature
anneal (less than 500° C.).

FIG. 13 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 13, chemical mechanical polishing
(CMP) is performed on the oxide layer 1202 and stopping on
top of the first vertical structure 710 and the second vertical
structure 720, which are respectively the hard masks 712,
722. CMP is a process of smoothing surfaces with the
combination of chemical and mechanical forces.

FIG. 14 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 14, the oxide layer 1202 is etched
to expose the substrate 700 and to form a shallow trench
isolation 1402. Each of the first vertical structure 710 and the
second vertical structure 720 protrudes from the substrate
700. The STI 1402 is between the first vertical structure 710
and the second vertical structure 720. In some embodiments,
the first horizontal width 1412 (equals to a distance between
the first vertical structure 710 and the STI 1402) is substan-
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tially the same as the second horizontal width 1422 (equals
to a distance between the second vertical structure 720 and
the STI 1402).

The method may be called a “self-aligned STI formation”
technique which provides controllable symmetric spacing
between the vertical structures 710, 720 and the STI 1402.
The symmetric spacing, that is horizontal width, may be
about 5-20 nanometers, and there is no lithography overlay
shift risk when using the method of forming the STI. Said
spacing could be found by transmission electron microscope
(TEM) analysis. Compared to lithography processes gener-
ating a difference between the first horizontal width 1412
and the second horizontal width 1422 larger than about 5
nanometers, the method provides a better control over the
horizontal widths 1412, 1422 with a difference less than
about 1 nanometer.

FIG. 15 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 15, H, anneal is used to form a
smooth surface on the substrate 700, the first vertical struc-
ture 710, and the second vertical structure 720. Moreover, an
in-situ steam generation (ISSG) process is performed to trim
the size of the first vertical structure 710 and the second
vertical structure 720. Additionally, a high temperature
(400° C.-800° C.) anneal lasting 5-60 minutes is used for
STI enhancement. As such, the oxide layer 1202 grows and
covers the substrate 700, the first vertical structure 710, and
the second vertical structure 720.

FIG. 16 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 16, the oxide layer is etched again
to expose the substrate 700 and the shallow trench isolation
1402.

FIG. 17 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 17, the oxide layer 1202 is
deposited again as a screening oxide (e.g., SiO2). After
reading this disclosure, a person of ordinary skill in the art
would readily appreciate the use of the oxide layer 1202 as
a screening oxide for the ion implantation for latter phases.

FIG. 18 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 18, by using proper photoresist and
anneal, a p-well 1802 for NMOS is formed.

FIG. 19 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 19, by using proper photoresist and
anneal, a n-well 1902 for PMOS is formed.

FIG. 20 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 20, plasma ashing is performed
removing the photoresist (not shown). The screening oxide
(a portion of the oxide layer 1202) is removed. Therefore,
the p-well 1802 and n-well 1902 are formed under the first
vertical structure 710 and the second vertical structure 720
respectively.

FIG. 21 is a sectional view illustrating the exemplary
semiconductor device in accordance with some embodi-
ments. As shown in FIG. 21, the first vertical structure 710
includes a source 2111, a drain 2115, and a channel 2114
which may be formed in the initial phase in FIG. 1 or in the
latter phase starting from FIG. 20. Silicide 2112 is formed
over the source 2111. A silicon nitride layer 2113 surrounds
the source 2111. A channel 2114 is disposed over the source
2111. A drain 2115 is disposed over the channel 2114. A gate
2116 surrounding the channel 2114 includes a high-K dielec-
trics, work function metal layers, and metal material. High-k
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dielectrics comprise metal oxides. Examples of metal oxides
used for high-k dielectrics include oxides of Li, Be, Mg, Ca,
Sr, Sc, Y, Zr, Hf, Al, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho,
Er, Tm, Yb, Lu and mixtures thereof. The second vertical
structure 720 has similar structure to the first vertical struc-
ture 710 and is not repeated herein.

FIGS. 22a-22b are sectional views illustrating the exem-
plary semiconductor device in accordance with some
embodiments. As shown in FIGS. 224, 225, compared to
FIG. 14, a vertical structure 2200 has a tapered profile from
its protrusion, and a vertical structure 2210 has a footing
profile from its protrusion, while the vertical structure 710
has a straight profile from its protrusion. A ratio of upper
widths 2202, 2212 over bottom widths 2204, 2214 may be
about 0.5-0.8.

FIG. 23 is a flow chart for a method of forming a shallow
trench isolation between a first vertical structure and a
second vertical structure in a substrate. As shown in FIG. 23,
a method 2300 is provided. The method 2300 includes the
following operations: providing the substrate (2302); pro-
viding the first vertical structure and the second vertical
structure over the substrate (2304); conformally forming a
dielectric layer over the substrate, the first vertical structure,
and the second vertical structure (2306); etching the dielec-
tric layer to expose a portion of the substrate corresponding
to the shallow trench isolation (2308); etching the exposed
portion of the substrate to form a recess corresponding to the
shallow trench isolation (2310); removing the dielectric
layer (2312); and forming an oxide layer in the recess as the
shallow trench isolation (2314).

The operation 2306 further includes conformally forming
the dielectric layer by using atomic layer deposition. The
operation 2308 further includes anisotropically etching the
dielectric layer. The operation 2314 further includes: form-
ing the oxide layer over the substrate, the first vertical
structure, and the second vertical structure by using flowable
CVD; performing CMP on the oxide layer and stopping on
the first vertical structure and the second vertical structure;
and etching the oxide layer to expose the substrate and to
form the shallow trench isolation.

The operation 2308 further includes etching the dielectric
layer by using plasma etching. The operation 2310 further
includes etching the exposed portion of the substrate by
using plasma etching. The operation 2304 further includes
conformally forming the dielectric layer made of silicon
nitride. The operation 2306 further includes conformally
forming the dielectric layer made of silicon oxide. The
operation 2310 further includes etching the dielectric layer
to form a first spacer adjacent to the first vertical structure
and to form a second spacer adjacent to the second vertical
structure, a horizontal width of the first spacer being sub-
stantially the same as that of the second spacer. The opera-
tion 2310 further includes etching the dielectric layer to
form the first spacer having the horizontal width of about
5-20 nanometers.

FIG. 24 is a flow chart for a method of forming a shallow
trench isolation between a first vertical structure and a
second vertical structure in a substrate. As shown in FIG. 24,
a method 2400 is provided. The method 2300 includes the
following operations: providing the substrate (2302); pro-
viding the first vertical structure and the second vertical
structure over the substrate (2304); conformally forming a
dielectric layer over the substrate, the first vertical structure,
and the second vertical structure (wherein the spacing
between the vertical structures and the formation of the
dielectric layer can be well designed to determine STI
location which is defined by the dielectric layer) (2306);
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etching the dielectric layer to expose a portion of the
substrate corresponding to the shallow trench isolation
(2308); etching the exposed portion of the substrate to form
a recess corresponding to the shallow trench isolation
(2310); removing the dielectric layer (2312); forming the
oxide layer over the substrate, the first vertical structure, and
the second vertical structure (2402); performing CMP on the
oxide layer and stopping on the first vertical structure and
the second vertical structure (2404); and etching the oxide
layer to expose the substrate and to form the shallow trench
isolation made of the oxide layer (2406).

According to an exemplary embodiment, a semiconductor
device is provided. The semiconductor device includes: a
substrate; a first vertical structure protruding from the sub-
strate; a second vertical structure protruding from the sub-
strate; an STI between the first vertical structure and the
second vertical structure; wherein a first horizontal width
between the first vertical structure and the STI is substan-
tially the same as a second horizontal width between the
second vertical structure and the STI.

According to an exemplary embodiment, a method of
forming a shallow trench isolation between a first vertical
structure and a second vertical structure in a substrate is
provided. The method includes the following operations:
providing the substrate; providing the first vertical structure
and the second vertical structure over the substrate; confor-
mally forming a dielectric layer over the substrate, the first
vertical structure, and the second vertical structure; etching
the dielectric layer to expose a portion of the substrate
corresponding to the shallow trench isolation; etching the
exposed portion of the substrate to form a recess correspond-
ing to the shallow trench isolation; removing the dielectric
layer; and forming an oxide layer in the recess as the shallow
trench isolation.

According to an exemplary embodiment, a method of
forming a shallow trench isolation between a first vertical
structure and a second vertical structure in a substrate is
provided. The method includes the following operations:
providing the substrate; providing the first vertical structure
and the second vertical structure over the substrate; confor-
mally forming a dielectric layer over the substrate, the first
vertical structure, and the second vertical structure; etching
the dielectric layer to expose a portion of the substrate
corresponding to the shallow trench isolation; etching the
exposed portion of the substrate to form a recess correspond-
ing to the shallow trench isolation; removing the dielectric
layer; forming the oxide layer over the substrate, the first
vertical structure, and the second vertical structure; perform-
ing CMP on the oxide layer and stopping on the first vertical
structure and the second vertical structure; and etching the
oxide layer to expose the substrate and to form the shallow
trench isolation made of the oxide layer.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
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What is claimed is:

1. A method of forming a shallow trench isolation
between a first vertical structure and a second vertical
structure in a substrate, comprising:

providing the substrate;

providing the first vertical structure and the second ver-

tical structure over the substrate;

conformally forming a dielectric layer over the substrate,

the first vertical structure, and the second vertical
structure;

etching the dielectric layer to expose a portion of the

substrate corresponding to the shallow trench isolation;

etching the exposed portion of the substrate to form a

recess corresponding to the shallow trench isolation;
removing the dielectric layer; and

forming an oxide layer in the recess as the shallow trench

isolation by:

forming the oxide layer over the substrate, the first
vertical structure, and the second vertical structure
using flowable CVD;

performing CMP on the oxide layer and stopping on the
first vertical structure and the second vertical struc-
ture, and

etching the oxide layer to expose the substrate and to
form the shallow trench isolation.

2. The method of claim 1, wherein conformally forming
the dielectric layer over the substrate, the first vertical
structure, and the second vertical structure further comprises
conformally forming the dielectric layer by using atomic
layer deposition.

3. The method of claim 1, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises anisotropi-
cally etching the dielectric layer.

4. The method of claim 1, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer by using plasma etching.

5. The method of claim 1, wherein etching the exposed
portion of the substrate to form the recess corresponding to
the shallow trench isolation further comprises etching the
exposed portion of the substrate by using plasma etching.

6. The method of claim 1, wherein conformally forming
the dielectric layer over the substrate, the first vertical
structure, and the second vertical structure further comprises
conformally forming the dielectric layer made of silicon
nitride.

7. The method of claim 1, wherein conformally forming
the dielectric layer over the substrate, the first vertical
structure, and the second vertical structure further comprises
conformally forming the dielectric layer made of silicon
oxide.

8. The method of claim 1, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer to form a first spacer adjacent to the first
vertical structure and to form a second spacer adjacent to the
second vertical structure, a horizontal width of the first
spacer being substantially the same as that of the second
spacer.

9. The method of claim 1, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer to form the first spacer having the horizontal
width of about 5-20 nanometers.

10. A method of forming a shallow trench isolation in a
substrate between first vertical structure and a second ver-
tical structure, comprising:
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providing the substrate;

providing the first vertical structure and the second ver-

tical structure over the substrate;

conformally forming a dielectric layer over the substrate,

the first vertical structure, and the second vertical
structure;

etching the dielectric layer to expose a portion of the

substrate corresponding to the shallow trench isolation;

etching the exposed portion of the substrate to form a

recess corresponding to the shallow trench isolation;
removing the dielectric layer;
forming an oxide layer over the substrate, the first vertical
structure, and the second vertical structure;

performing CMP on the oxide layer and stopping on the
first vertical structure and the second vertical structure;
and

etching the oxide layer to expose the substrate and to form

the shallow trench isolation made of the oxide layer.

11. The method of claim 10, wherein conformally forming
the dielectric layer over the substrate, the first vertical
structure, and the second vertical structure further comprises
conformally forming the dielectric layer by using atomic
layer deposition.

12. The method of claim 10, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises anisotropi-
cally etching the dielectric layer.

13. The method of claim 10, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer by using plasma etching.
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14. The method of claim 10, wherein etching the exposed
portion of the substrate to form the recess corresponding to
the shallow trench isolation further comprises etching the
exposed portion of the substrate by using plasma etching.

15. The method of claim 10, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer to form a first spacer adjacent to the first
vertical structure and to form a second spacer adjacent to the
second vertical structure, a horizontal width of the first
spacer being substantially the same as the second spacer.

16. The method of claim 10, wherein etching the dielectric
layer to expose the portion of the substrate corresponding to
the shallow trench isolation further comprises etching the
dielectric layer to form a first spacer having a horizontal
width of 5-20 nanometers adjacent to the first vertical
structure and to form a second spacer having a horizontal
width of 5-20 nanometers adjacent to the second vertical
structure.

17. The method of claim 10, wherein the dielectric layer
is of silicon nitride.

18. The method of claim 10, wherein the dielectric layer
is of silicon oxide.

19. The method of claim 10, wherein the etching of the
oxide layer leaves the shallow trench isolation spaced sym-
metrically between the vertical structures.

20. The method of claim 10, further comprising, after the
etching of the oxide layer, trimming the first and second
vertical structures using an in-situ steam generation (ISSG)
process.



